Abstract: Two indirect methods are described for the micro determination of captopril using hexacyanoferrate (III) as reagent. The reaction used for titrimetry proceeds at room temperature and will be complete in 10 minute with a stoichiometry of 1:1 with respect to the oxidant and captopril. The reaction product used for spectrophotometric determination shows the absorption maximum at 510 nm. The Beer's law is obeyed over the concentration range 0.25-12.00 µg mL -1 , the molar absorptivity and Sandell sensitivity for the system being 9.14×10 3 L mol -1 cm -1 and 23.78 ng cm -2 , respectively. The limit of detection and quantification are found to be 0.08 and 0.26 µg mL -1 , respectively. Both procedures have been applied to the determination of captopril in tablets. The results have been statistically compared with those obtained by the official (BP) method.
Introduction
Captopril, 1-(3-mercapto-2-D-methyl-1-oxopropyl)-1-proline, is an antihypertensive drug widely prescribed in the treatment of hypertension and chronic congestive heart failure. It acts primarily by inhibiting the angiotensin-converting enzyme. Simple methods for its assay in technical and formulation grade sample are necessary for routine analysis and quality evaluation. The most widely used technique for the determination of captopril is high performance liquid chromatography 1-5 but the procedures based on this technique require either derivatisation of the compound or selective detectors and elaborate multistep extraction. Gas chromatographic methods reported either involve derivatisation 6, 7 or lack the required sensitivity 8 or restricted to body fluids 9-12 . Several other instrumental methods such as differential polarography 13 , capillary electrophoresis 14 , specrofluorimetry 15 , amperometry 16 and coulometry 17 have been applied for the assay of drugs in pharmaceuticals. Quantification of captopril has also been achieved by radio 18 31 have also been reported for the assay captopril. However, the accuracy and reliability of these methods are heavily dependent on the purity of the coloured reagents. In search of more convenient methods, titrimetric and spectrophotometric investigations of the oxidation reaction between captopril and hexacyanoferrate (III) have been carried out and their application to the analysis of authentic samples and dosage forms have been examined.
Experimental

Apparatus
A Systronics model 106 digital spectrophotometer with 1 cm matched glass cells was used for absorbance measurements.
Reagents and materials
All chemicals used were of analytical reagent grade and distilled water was used to prepare all solutions. A standard solution of 0.02M potassium hexacyanoferrate (III) was prepared by dissolving 6.5852 g of reagent in one liter of water in a volumetric flask. Sodium thiosulphate solution (~0.02M) was prepared in water and standardized iodometrically 32 . Zinc sulphate (30%), potassium iodide (10%), hydrochloric acid (5M) and starch indicator (1%) solutions were prepared in the usual way and used in titrimetric work. Hexacyanoferrate (III) (100 µg mL -1 ) obtained by stepwise dilution of 0.02M solution, 0.25% 1,10-phenanthroline, 1.5 M hydrochloric acid and 0.5M sodium carbonate solutions were employed for spectrophotometric investigation.
Titrimetry
To a 10 mL aliquot containing 1-8 mg of captopril in a titration flask were added 2 mL of 5M hydrochloric acid, 10 mL of 0.02M hexacyanoferrate (III) and 10mL of 30% zinc sulphate solutions, mixed well and kept aside for 20 minute with occasional shaking. Then, 5 mL of 10% potassium iodide solution were added and the liberated iodine was titrated with 0.02M thiosulphate solution in the presence of starch indicator. A blank experiment was carried out in the same manner. Amount of drug was calculated from the equation:
Where V1=volume of thiosulphate consumed in the blank titration, mL; V 2 =volume of thiosulphate consumed in the sample titration, mL; M= relative molar mass of drug; R= molarity of hexacyanoferrate (III) and n= number of moles hexacyanoferrate (III) reacting per mole of drug.
Spectrophotometry
A 3.0mL aliquot of standard drug solution containing 2.5-120 µg of captopril was placed in a 10 mL volumetric flask to which 1.5 mL of 5 M hydrochloric acid and 1mL of 100 µg mL -1 of hexacyanoferrate (III) solutions were added. The flasks and contents were swirled, placed in a boiling water bath for 10 minute. Then, the flasks were cooled, 1.5 mL of 0.5M sodium carbonate were added followed by 1mL of 0.25% 1,10-phenanthroline and diluted to mark with water. The coloured product was measured at 510nm against the reagent blank. The concentration of drug in the unknown was deduced from the calibration graph or computed from the regression equation.
Tablets
Twenty tablets were weighed and ground into a fine powder. A quantity of powder containing 100 mg of active ingredient was weighed accurately into a 100 mL volumetric flask, 60 mL of water added and shaken thoroughly for about 20 minute to extract the drug. Diluted to the mark with water, mixed well and filtered through a Whatman No. 41 filter paper. First ten of the filtrate was rejected. A convenient volume was assayed by titrimetry using the general procedure. The filtrate was diluted appropriately to get 40 µg mL -1 and a suitable volume was subjected to analysis by spectrophotometry.
Results and Discussion
Both methods are based on the oxidation of captopril with excess of hexacyanoferrate (III). In titrimetry, the excess oxidant, after oxidation was determined iodometrically in the presence of zinc sulphate, there by allowing indirect assay of captopril, whereas in spectrophotometry, hexacyanoferrate (II), a reaction product is determined by reacting it with 1,10-phenanthroline, thus permitting the indirect estimation of captopril.
The reaction variables were optimized by varying each variable while keeping others constants for obtaining constant stoichiometry in titrimetry and reproducible and maximum absorbance in spectrophotometry. The oxidation reaction was found to be quantitative in hydrochloric acid medium and 2 mL of 5M acid in a total volume 25 mL was found to produce a constant molar ratio. In the back titration of hexacyanoferrate (III) iodometrically, zinc sulphate was added to ensure quick and irreversible oxidation of iodide by hexacyanoferrate (III) 33 through the removal of hexacyanoferrate (II) formed 34 as the slightly soluble potassium zinc hexacyanoferrat (II). The oxidation of the drug by hexacyanoferrate (III) was slow at room temperature and found to be complete in 20 minute under specified acid and oxidant concentrations. Two fold increases in excess of hexacyanoferrate (III) had no effect on the stoichiometry of the reaction. For the range studied (1-8mg), a 10mL volume of 0.02M hexacyanoferrate (III) gave stoichiometric results. Under the stated experimental conditions, 2 moles of hexacyanoferrate (III) were consumed per mole of captopril. The linearity between the amount of the drug and the titration end point is apparent from the value of the correlation coefficient, r (0.9982) obtained by the best fit-line via linear least squares treatment.
Spectrophotometric method is based on the oxidation reaction of captopril with hexacyanoferrate (III) under acidic conditions and subsequent determination of hexacyanoferrate (II), the reduced form of the oxidant, by reacting with 1,10-phenanthroline under mildly acidic conditions (pH 3-4) resulting in the formation of red colour 35 which could be measured at 510nm. Captopril when added in increasing amounts to a fixed amount of hexacyanoferrate (III), there is a concomitant rise in the concentration of hexacyanoferrate (II), after the oxidation reaction. This is observed as a proportional increase in the absorbance of the reaction mixture on adding 1, 10-phenanthroline. The oxidation reaction was slow at room temperature and was found to be complete when heated with 5 M hydrochloric acid in a boiling water-bath for 10 minutes. For the range investigated (2.5-120µg), 1mL of 100 µg mL -1 hexacyanoferrate (III) and 1.5 mL of 5M hydrochloric acid were sufficient to effect oxidation. Since the colour reaction between hexacyanoferrate (II) and 1,10-phenanthroline takes place in the pH range3-4, 1.5 mL of 0.5M sodium carbonate solution were needed to raise the pH to about 3.5 before adding 1,10phenanthroline solution. The colour produced was found to be stable for several weeks.
Under the experimental conditions described, Beer's law is obeyed over the concentration range 0.25-12 µg mL . The apparent molar absorptivity was 9.14×10 3 L mol -1 cm -1 and Sandell sensitivity was 23.78 ng cm -2 . The limit of detection was 0.0776 µg mL -1 and the limit of quantification as the lowest standard concentration, which could be determined with acceptable accuracy, and precision was 0.2589 µg mL 
Accuracy and precision
The accuracy and precision of the methods were checked by seven replicate determinations at 2,5 and 7mg levels by titrimetry and 30, 60 and 90 µg levels by spectrophotometry. The percent error was found to be less than 2 and the relative standard deviation found to be between 0.45 and 2.13, which are indicative of satisfactory accuracy and repeatability. The results of the study are compiled in Table 1 . 
Application
The results for the determination of captopril in the three brands of tablets are given in Table 2 . In which they are compared with those obtained using reported established methods 35 . Statistical analysis of the results by the variance-ratio test and t-test showed that there was no significant difference between the performance of the proposed method and reference methods in terms of reproducibility and accuracy.
To ascertain the reliability of the methods, recovery test was performed by applying the technique of standard-addition, pure drug was added at three different levels and the total was found by the proposed methods. The test was repeated three times foe each level. The results of this study presented in Table 3 reveal that accuracy and precision of the methods were unaffected by various co-formulated substances such as lactose, talc, starch, magnesium stearate and sodium alginate. 
Conclusions
The methods are simple, sensitive and their application to the determination of the micro and sub micro amounts of captopril has been demonstrated.
